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ABSTRACT
Bats are known to host a wide range of both parasitic and non-parasitic arthropods on or around the pelage
and wing membranes. The purpose of this study is to assess these macro and microscopic arthropod
communities living on nectivorous bats, in an attempt to find patterns of arthropod load frequencies
between sexes and among species. Bats were mist-netted at the Monteverde Hummingbird Gallery, for
seven nights, with a total of 86 individuals examined from six different species. Macroparasites were
counted and recorded; microparasites were then extracted from the bat by means of Scotch tape and
aspiration. Analysis of Variance showed significant differences between white mites, bat flies, and total
parasite load among Anoura geoffroyi, when compared to other species (white mites, mean = 2.513 ±
2.512, p = 0.0003. bat flies, mean = 6.282 ± 3.456, p = <0.0001. total parasites, mean = 9.395 ± 4.126, p =
<0.0001). Further, there are significant differences in bat flies, white mites, and total parasites, by sex,
with female Anoura geoffroyi showing a significantly greater parasite load (bat flies, mean = 5.091 ±
3.456, p = <0.0001. white mites, mean = 2.333 ± 2.723, p = 0.0008. total parasites, mean = 7.879 ±
5.999, p = <0.0001). As predicted the greater arthropod load on Anoura geoffroyi was found to be
directly related to roosting and mating habits.

RESUMEN
Se sabe que los murciélagos son anfitrión de una gran variedad de poblaciones parásitas y no parásitas que
viven en el pelaje y en las membranas. El propósito de este estudio es valorar las comunidades de parásitos
microscópicos y macroscópicos que viven en los murciélagos nectarívoros, en un esfuerzo por encontrar
las frecuencias de carga de artrópodos entre las especies. Se asume que las poblaciones que fueron
encontradas en los murciélagos están relacionadas directamente a la historia y hábitos naturales del
hospedero. Se atraparon los murciélagos durante siete noches en la Galería del Colibrí de Monteverde, con
un total de 86 individuos en seis especies diferentes. Se contaron los parásitos macroparásitos a simple
vista y los microparásitos fueron extraídos con un aspirador. El análisis de varianza mostró correlaciones
significativas entre el promedio de ácaros blancos, moscas de murciélagos y la carga total de parásitos
entre Anoura geoffroyi, cuando se comparó contra las otras especies (ácaros blancos, mean = 2.513 ±
2.512, p = 0.0003. moscas de murciélagos, mean = 6.282 ± 3.456, p = <0.0001. el total de los parásitos,
mean = 9.395 ± 4.126, p = <0.0001). Un segundo análisis de varianza mostró una diferencia
significativas en moscas de murciélagos, ácaros blancos, y en el total de parásitos, cuando estuvieron
comparados con el sexo, siendo las hembras las que mostraron una cantidad significativa más alta de
carga de parásito (moscas de murciélagos, mean = 5.091 ± 3.456, p = <0.0001. ácaros blancos, mean =
2.333 ± 2.723, p = 0.0008. total de parásitos, mean = 7.879 ± 5.999, p = <0.0001). Como se predijo, el
aumento en la cantidad de artrópodos encontrados en Anoura geoffroyi (en relación a las otras especies
observadas) se relacionó directamente a sus hábitos de apareamiento y al sitio y forma en que descansan
durante el día.

INTRODUCTION
Our understanding of communities is in a large part contingent upon our
understanding of symbiotic relationships. Symbiosis is a population interaction based on
long-term physical contact between individuals of different species (Roughgarden 1983).
Typically, symbioses occur where an individual of one species permanently lives on, or in, a
particular individual of another species. The symbiosis is considered to be parasitic if the
guest exploits and harms the host, commensalistic, if the guest has little or no effect upon the
host, and mutualistic if both the host and guest benefit from the interaction.
Bats (Order Chiroptera) harbor a rich community of parasitic and commensal
arthropods. The difficulty with measuring or determining the extent of host-parasitic coevolution as it relates to bats, is that the arthropod communities living on the individual have
such a high turn over rate in terms of life-cycle, that they should be able to evolve at a rate
much greater than that of their host. As a result, many ectoparasites have developed
specialized adaptations ideal for clinging on to the pelage and epidermal layers of the bat
while in flight. Some examples of such adaptations include extremely small size, a flattened
body structure, claws for gripping, and setae or combs that facilitate in movement among the
pelage, which are also thought to aid in escape during grooming (host) (Marshall 1982).
Each of these adaptations makes sampling bat arthropod communities challenging.
With co-evolution there arises the question of host specificity among individual
species. The advantages associated with host specificity are that parasites and commensals
can evolve to the specific demands and life history of the host. The disadvantages of host
specificity are that it extremely limits the ability to expand population size and range, and the
risk of survival and fitness of the ectoparasite being dependent on a single host. Non-host
specific ectoparasites have an advantage in that they do not have to search as hard for a
sufficient host, but they must adapt to a wider range of conditions, potentially sacrificing
efficiency.
Phyllostomatid bats, (those of the Family Phyllostomidae) are known to harbor
ectoparasite assemblages numbering more than 230 species represented among 17 different
families. Streblids (a type of Bat fly, family Streblidae), account for the greatest number of
species of any Phyllostomatid-infesting groups, with 83 species spanning 20 genera (Webb
and Loomis 1977). Parasitic populations living among the pelage of bats include fleas, flies,
hemipterans, chiggers and ticks (Whitaker 1988). Non-parasitic populations include a wide
range of arthropods and phoretic (using a host solely for transport) mites, as well as
predacious mites. Parasitic populations tend to feed specifically on blood, whereas the diets
of non-parasites seem to be focused mainly on the dead epidermal layers and fecal matter of
the bat host.
Here, I attempt to study both parasitic and non-parasitic populations found among the
epidermis and pelage of nectivorous bats within the family Phyllostomidae. Specifically, I
hope to determine patterns in the composition of such communities, and explain any
recorded frequency by looking into the natural life history of the specific bat species. Factors
that are thought to affect arthropod community composition are foraging habits, roost
structure and composition, roost fidelity, inter-species interactions, and health of the host.

METHODS
This study was conducted at the Monteverde Hummingbird Gallery of Monteverde, Costa
Rica. The dominant surrounding habitat consisted of Lower Montane Wet Forest. Two mist
nets, each approximately seven meters in length, were positioned adjacent to hummingbird
feeders, during the bat/bird interface (6:00pm) (R. Laval, personal communication), for seven
nights from the hours of six to nine p.m.
After extraction from the mist nets the species, sex, and weight were determined for
each individual. An inventory of all macroparasites on the bat was then recorded. The
inventory was conducted in the field by simply counting the total of each species of
macroparasites observed; a sample specimen of each parasite was also taken and placed in
alcohol for later identification in the lab, with the use of a dissecting microscope.
Microparasites and phoretics were collected using two different methods. Arthropods
living in the pelage of the bat were extracted by running Scotch tape across the hair of the
individual. The tape was then mounted on a slide for later examination in the lab under a
compound microscope. In an attempt to record the exact location of arthropod establishment
on the host's body, three different "tape slides" were produced for each bat. One was focused
on the chest (front) of the bat, another on the head, and the third on the back of the bat.
Phoretic specimens were gathered by means of aspiration. Aspirator collection was
strictly focused on the nose and surrounding muzzle of the bat, with the assumption that it
was the site of highest contact with the flower upon which phoretics feed. This assumption
was based on the studies of R. K. Colwell (1972), which concluded that the mite Rhinoseius
colwelli (Order Ascidae), a similar species of phoretic mite, rides from flower to flower in
the noses of hummingbirds. After aspiration was conducted on an individual, the collection
vile was flushed with alcohol and emptied into a smaller sample vile and labeled. Parasites
and phoretic mites were observed using a dissecting microscope, they were then mounted
and more carefully examined for identification using a compound microscope.
Chi-squared tests were used to determine trends in arthropods between bat species and
between sexes. Analysis of Variance was used to compare mean numbers of "white mites"
(Morpho species C), "bat flies" (morpho species B), "BF's" (A second type of bat fly)
(Morpho Species A), and weight per individuals verses species, and sex. Bivariate
Scattergrams, split by species, were used to compare total parasites verses weight.

RESULTS
A total of 86 bats from six different species were examined over the course of this project.
An unexpected result was found with the capture of Artibeus toltecus. A. toltecus is known to
be mainly frugivorous, reasons for their presence among the hummingbird feeders was
unknown, as there were no fruiting bodies in the immediate or surrounding area. Data were
collected on A. toltecus, and included with the nectivorous species as a frame of reference.
Figure 1 and Figure 2 show significant trends in parasite loads among species.
Anoura geoffroyi is shown to host the greatest number of parasites per individual for both
with white mites and bat flies (p = 0.0003 and p = <0.0001). Figures 3 and 4 show that
females have a significantly greater number of parasites compared to males (p = <0.0001 and
p = 0.0029).
Use of the Scotch tape for extraction of the microscopic arthropod community proved

to be ineffective. Possible reasons for this may be due to the adaptations mentioned above, in
relation to their ability to grip tightly to the bat while in flight, and hide among the hosts hair.
Phoretic mites that were collected through aspiration were mounted on slides and
examined under a compound microscope. To determine truly phoretic species, Calyptrogens
and various other known bat pollinated flowers were sampled for mites, in an effort to link
those mites found on the plant with others later found on the bat although around 15
different species of mites were collected they were unable to be identified.
Although Figure 5 attempts to plot a Bivariate Scattergram among species, and show
a linear regression based on weight, it is unable to effectively do so. The majority of the bat
species examined were hosts to a very minimal number of arthropods if any, and no clear
correlation was seen between parasite load and weight. It is only due to the fact that our
sample size consisted of a large number of A. geoffroyi that we see a dramatic increase in the
numbers of arthropod loads. The average weight of A. geoffroyi just happened to fall within
the heavy end of the spectrum when compared to all other species sampled (Sample sizes for
each species are stated in the description of Figure 1). In an effort to get unbiased results,
ideally, one should have equal sample sizes among each species studied.

DISCUSSION
In an effort to better understand the numerous parasitic and non-parasitic populations that
live on bats, we must begin by focusing on the natural history and habits of the host
organism. Parasite loads on bats are thought to be influenced by such factors as roost
structure, composition, temperature, fidelity, feeding habits, cross-species interactions,
and overall health of the host. Bat ectoparasites have been found to spend the majority, if
not all, of their lives either on the body or in the roosts of their hosts (Marshall 1982).
Larger roosting communities (both greater in species diversity and individual numbers)
would be expected to house greater numbers of both ectoparasites and commensalists,
simply as a function of increased resource base. High roost fidelity is expected to promote
the establishment of more parasitic communities, as opposed to those host communities
that are constantly moving from site to site. Unsuitable temperatures and humidity's can
be major causes of mortality among ectoparasites, as well as affecting copulation,
oviposition, and overall survival of eggs. However, because many bat ectoparasites are
tropical in distribution and, even in temperate regions, pass their lives partly within a
sheltered bat roost and partly on the body of their warmblooded host, adverse climatic
conditions probably rarely cause significant mortality in natural populations (Marshall
1982). When health and fitness of a bat host is reduced, ectoparasites are expected to
increase due to a reduction in time spent grooming by the sick individual. Parasitic feeding
is not expected to be the initial cause of the bats illness, based on the co-evolution
previously described between host and parasite, in which the fitness of the host has a
direct impact on the parasite.
A. geoffroyi are hosts to considerably large arthropod populations in relation to all
other species recorded, and that females have a greater frequency of parasitic
establishment. These results are to be expected if we look at the roosting and mating
patterns of the species.
Roosting colonies of A. geoffroyi have been recorded in various research articles as

numbering up to 75 individuals. (Whitaker J. O.) This number is significantly greater than
those typical of nectivorous communities found in the Monteverde region. Also, at certain
times of the year A. geoffroyi has been observed forming sexually segregated groups, within
the same roost site. As with larger groups, larger harem size is expected to produce greater
numbers of arthropod populations due to the increase in host availability. The increase in
arthropod load among females maybe explained by the fact that females are known to spend
more time in the roost than males. Sexual segregation during parts of the year might also
explain why the parasite communities have not been evenly distributed among the sexes.
Some might theorize that with increased weight the arthropod communities on a host
should increase. Figure 5 attempts to show an increasing linear regression when compared
with weight. However, weight in this project was not found to be significant in determining
arthropod loads. There is no explanation as to why host weight was not a big issue in this
project; therefore I think more research needs to be done, with a larger sample size in order
to definitively conclude that weight has no effect.
The phoretic mites that were gathered off of both the bat specimens and known bat
pollinated plants where unable to be positively identified as being the same species, due to the
limited resources of the lab, time constraints and slide preparation methods. Future research
within the realm of phoretic mites should focus more closely on exact slide preparation
methods, so as to be more effective in identification methods by a parasitologist under
electron magnification.
Pregnant females were given a separate category in Figures 3 and 4, due to the
unknown effect that pregnancy might have on habits, and to what degree it would later
influence possible parasitic loads. For example, pregnant females might spend more time in
the roost, and spend significantly less energy foraging.
In conclusion, A. geoffroyi has been shown to carry the greatest arthropod load among
all species sampled, more specifically females of A. geoffroyi. Factors which influence
arthropod loads are found, in this case, to be directly related to roost composition and
structure.
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Fig 7. Attempt to match phoretic mites found on Calyptrogyne (A & B) and on a bat © with the mite from
Cunningham, study at La Selva (D).

